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DEVELOPMENT OF AN IMPROVED OXYGEN ELECTRODE FOR USE 
I N  ALKALINE H2-02  FUEL CELLS 
The o b j e c t i v e  of t h i s  p r o j e c t  i s  t h e  s y n t h e s i s  o f  i n t e r s t i t i a l  
compounds f o r  i n c r e a s i n g  t h e  e f f i c i e n c y  of t h e  oxygen e l e c t r o d e  i n  
a l k a l i n e  H2-02 f u e l  ce l l s .  The work i s  be ing  c a r r i e d  o u t  f o r  t h e  
Nat ional  Aeronaut ics  and Space Adminis t ra t ion  wi th  M r .  E. M. Cohn 
as t e c h n i c a l  monitor.  P r i n c i p a l  i n v e s t i g a t o r s  a r e  D. Biens tock ,  
Sayeed Akhtar ,  C.T. Gre in ,  and Richard C.  Diehl .  
Bureau o f  Mines 
P i t t s b u r g h  Coal Research Center  
Q u a r t e r l y  Report  f o r  t h e  per iod ending March 31, 1967 
Development o f  An Improved Oxygen E lec t rode  f o r  U s e  
i n  A lka l ine  H2-0, Fue l  C e l l s  
Summary 
A t o t a l  o f  41  p r e p a r a t i o n s  were synthesized and shipped t o  Tyco 
L a b o r a t o r i e s  i n  t h i s  q u a r t e r .  These p r e p a r a t i o n s  inc lude  t h e  car- 
b i d e s  and n i t r o c a r b i d e s  of t h e  b ina ry  a l l o y s  Ni-Ag, Co-Ag, and Ni-Co 
i n  3/1 ,  1/1, and 1/3 weight r a t i o s ,  and t h e  t e r n a r i e s  Ni-Co-Ag and 
Ni-Co-Au i n  a 1/1/1 weight r a t i o .  I n  a d d i t i o n  t o  t h e  shipments t o  
Tyco L a b o r a t o r i e s ,  114 samples were sen t  t o  6 o t h e r  f i r m s  engaged i n  
t e s t i n g  t h e s e  p repa ra t ions .  
An a d d i t i o n a l  two s y n t h e s i s  u n i t s  are being i n s t a l l e d .  This  
Carbiding w i l l  b r i n g  t h e  t o t a l  number o f  s y n t h e s i s  u n i t s  t o  s i x .  
o f  metals and a l l o y s  i s  a slow process  and each p r e p a r a t i o n  r e q u i r e s  
150-200 hours ,  t hus  keeping a u n i t  engaged f o r  a week o r  more on a 
round-the-clock ope ra t ion .  
I n t r o d u c t i o n  
The o b j e c t  of t h i s  p r o j e c t  i s  t o  develop c a t a l y s t s  f o r  t h e  
c a t h o d i c  r e d u c t i o n  o f  oxygen i n  a l k a l i n e  H2-02 f u e l  cel ls .  
conducted i n  coope ra t ion  with Tyco Labora to r i e s ,  Inc . ,  and t h e  
materials under i n v e s t i g a t i o n  are the  i n t e r s t i t i a l  compounds o f  t h e  
t r a n s i t i o n  metals and t h e i r  a l l o y s ,  with carbon, n i t r o g e n ,  boron, 
and s i l i c o n .  
compounds; information on t h e  e f f i c i e n c y  o f  t h e  p r e p a r a t i o n s  i n  
l a b o r a t o r y  tests may b e  ob ta ined  from t h e  Q u a r t e r l y  Reports  of Tyco 
Labora to r i e s .  
f i r m s  des igna ted  f o r  t h e  purpose by t h e  t e c h n i c a l  monitor o f  N.A.S.A. 
The work 
Th i s  r e p o r t  d e a l s  only w i t h  t h e  p r e p a r a t i o n  o f  t h e s e  
Samples of t h e  p r e p a r a t i o n s  are a l s o  s e n t  t o  o t h e r  
Experimental  
A .  Prepa ra t ion  of Alloys 
A m o d i f i c a t i o n  o f  t h e  c lass ical  method developed by Murray Raney (l) 
f o r  making s k e l e t a l  n i c k e l  c a t a l y s t s  w a s  employed f o r  t h e  p r e p a r a t i o n  o f  
f i n e l y  d iv ided  a l l o y s  o f  t r a n s i t i o n  metals. 
t h e  following s t eps :  
The procedure c o n s i s t s  of 
(1) Melting t o g e t h e r  o f  c a l c u l a t e d  q u a n t i t i e s  of t h e  metals t o  
be a l loyed  wi th  an  excess  of aluminum, i n  an i n d u c t i o n  
furnace.  
(2) Crushing of t h e  cooled mass t o  a f i n e  powder. 
(3 )  Leaching of  t h e  powder with an aqueous s o l u t i o n  of NaOH 
t o  remove aluminum. 
The q u a n t i t i e s  of t h e  components were so a d j u s t e d  t h a t  aluminum 
amounted t o  60 pe rcen t  o f  t h e  m e l t .  S i l v e r ,  gold and palladium used 
i n  t h i s  work were b e t t e r  t han  99.8 p e r c e n t  p u r i t y .  C o m e r c i a l l y  
ob ta ined  Raney a l l o y s  of i r o n ,  c o b a l t ,  and n i c k e l  were employed as t h e  
source f o r  t h e s e  metals. The h e a t i n g  chamber of t h e  induc t ion  fu rnace  
was r epea ted ly  f lu shed  wi th  helium be fo re  t h e  furnace was energized.  
Charges of 125-150 grams a t  a t i m e  were melted i n  f i r e  c l a y  c r u c i b l e s .  
On coo l ing  most of  t h e s e  Raney a l l o y s  were found t o  b e  f r i a b l e  
and could be e a s i l y  crushed t o  a f i n e  powder i n  a hammer m i l l  o r  b a l l  
m i l l .  Those which were no t  f r i a b l e  were machined i n t o  t u r n i n g s  and 
then put through t h e  m i l l  t o  be converted i n t o  powder (see f i g .  1). 
The powder was s ieved through s t anda rd  sc reens  and t h e  d e s i r e d  f r a c t i o n  
(usua l ly  150-250 mesh) was leached w i t h  c a u s t i c  soda according t o  t h e  
d i r e c t i o n s  o f  Covert and Adkins (2). 
Table 1 i s  a complete l i s t  of t h e  b i n a r y  and t e r n a r y  a l l o y s  of 
t h e  t r a n s i t i o n  metals prepared i n  t h e  l abora to ry .  
f r a c t i o n  p a t t e r n s  of t h e  Raney a l l o y s  and t h e  leached a l l o y s  are under 
s tudy.  
(see s e c t i o n  F). 
The x-ray d i f -  
A pre l imina ry  r e p o r t  on t h e  s u b j e c t  i s  included s e p a r a t e l y  
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TABLE 1.- Alloys of the t r a n s i t i o n  metals prepared 
by t h e  Raney method 
Raney a1 loyLf Composition of  
number leached a l l o y  
1 N i  - 1Co 
1 N i  -3Co 
3Ni- I C 0  
1 N i  - 3Ag 
1 N i  - 1Ag 
3 N i  - lAg 
1Co -3Ag 
~ C O  - 1Ag 
~ C O  - u g  
1Ni-1Co-1Ag 
1Ni-1Co-1Au 
1 N  i - lAg - 1Au 
~ C O  - 1Ag - 1AU 
1 N i  - 1Pd 
1Co - 1Pd 
1 N i  -1Co - 1Pd 
1Ni-1Pd-1Au 
1Fe-1Pd 
1/ Mesh s i z e  150-250 u n l e s s  o the rwise  s t a t e d .  
- */ Raney a l l o y s  marked wi th  an  a s t e r i s k  w e r e  machined i n t o  
t u r n i n g s  b e f o r e  crushing.  
B. P r e p a r a t i o n  of Carbides  
The f i n e l y  d iv ided  a l l o y s  of t h e  t r a n s i t i o n  metals were ca rb ided  
w i t h  carbon monoxide a t  25OoC. 
f o r  ca rb id ing  t h e  a l l o y s  were t h e  same as d e s c r i b e d  ear l ier  (3) f o r  
t h e  p r e p a r a t i o n  of t h e  c a r b i d e s  of i ron .  
a l l o y  was reduced i n  a stream of hydrogen a t  450% f o r  10-20 hours  a t  
an  hour ly  space v e l o c i t y  of 1000-2500. 
t o  15Oo-16O0C i n  hydrogen a f t e r  which t h e  flow gas w a s  changed t o  carbon 
monoxide. 
s t e p s  extending over 6-24 hours .  Th i s  p r e c a u t i o n  e l i m i n a t e s  t h e  r i s k  o f  
a l a r g e  sudden r ise i n  temperature  which causes  e x c e s s i v e  d e p o s i t i o n  o f  
f r e e  carbon. 
The t echn ique  and appa ra tus  employed 
P r i o r  t o  c a r b i d i n g ,  each 
The reduced a l l o y  w a s  cooled 
The temperature o f  t h e  bed w a s  then r a i s e d  t o  25OoC i n  g radua l  
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The i n t e r a c t i o n  of t h e  a l l o y s  o f  t r a n s i t i o n  m e t a l s  wi th  carbon 
monoxide i s  probably s i m i l a r  t o  t h a t  of n i c k e l  w i t h  carbon monoxide. 
The lat ter system has  been s tud ied  i n  cons ide rab le  d e t a i l  (4); t h r e e  
d i s t i n c t  r e a c t i o n s  a r e  known t o  proceed concur ren t ly :  
Ni3C .j 3 N i  4- C (3 1 
Higher temperatures  favor r e a c t i o n s  (2) and (3) ;  a t  tempera tures  
above 285OC, c a r b i d e  formation i s  accompanied by d e p o s i t i o n  o f  l a r g e  
q u a n t i t i e s  of  f r e e  carbon. The rate o f r e a c t i o n  (1) f a l l s  o f f  as 
success ive  l a y e r s  of n i c k e l  ca rb ide  inc reas ing ly  o b s t r u c t  t h e  access  
of CO t o  t h e  n i c k e l  s u b s t r a t e ,  (see f i g .  2). It may f u r t h e r  be  
observed t h a t  pa tches  of f r e e  carbon may a l s o  h inde r  t h e  p rogres s  of  
t h e  react ion. 
Figure 2.- Reaction of CO with Ni. 
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Table 2 i s  a l i s t  o f  t h e  leached a l l o y s  t h a t  were ca rb ided  du r ing  
The d u r a t i o n  o f  t r ea tmen t  and t h e  f i g u r e s  f o r  t h e  t o t a l  
X-ray d i f f r a c t i o n  p a t t e r n s  o f  t h e s e  prepa- 
th i s  q u a r t e r .  
carbon and f r e e  carbon,  as determined by chemical a n a l y s i s  i n  each case, 
are included i n  t h e  table. 
r a t i o n s  were o f  l i t t l e  v a l u e  i n  i d e n t i f y i n g  t h e  products .  
s tudy w a s  s t a r t e d  i n  an at tempt  t o  e v a l u a t e  t h e  x-ray p a t t e r n s  (see 
s e c t i o n  F).  A f i n e l y  pu lve r i zed  Raney n i c k e l  (36C) was ca rb ided  i n  a n  
a t t e m p t  t o  p repa re  a material of lower bulk d e n s i t y .  F re sh  l o t s  of 
C O ~ C ,  N i $ ,  and c a r b i d e s  of 1Ni-1Co and 1Ni-1Ag (33C,  35C, 42C, and 
43C) were prepared t o  r e p l e n i s h  ou r  dwindling s tock.  
A s e p a r a t e  
C.  P repa ra t ion  o f  N i t r o c a r b i d e s  
An i n t e r e s t i n g  p rope r ty  o f  t h e  t r a n s i t i o n  metals i s  t h e i r  a b i l i t y  
t o  form i n t e r s t i t i a l  compounds con ta in ing  bo th  carbon and n i t r o g e n  a. 
Thus when x-Fe2C i s  t r e a t e d  w i t h  ammonia, n i t r o g e n  r e p l a c e s  carbon i n  
t h e  ca rb ide  l a t t i c e  producing c h i  i r o n  n i t r o c a r b i d e .  When s u f f i c i e n t  
n i t rogen  i s  added t o  produce i n s t a b i l i t y  i n  t h e  c h i  s t r u c t u r e ,  t r a n s -  
formation t o  t h e  e p s i l o n  i r o n  n i t r i d e  occurs .  
The n i t r o c a r b i d e s  of t h e  t r a n s i t i o n  metals and t h e i r  a l l o y s  were 
prepared by pass ing  gaseous ammonia over t h e  c a r b i d e s  a t  26OoC a t  an  
h o u r l y  space v e l o c i t y  of  1000. 
va r ious  c a r b i d e s  and t h e  amount of n i t r o g e n  thus  inco rpora t ed  i s  given 
i n  t a b l e  3. Fresh l o t s  of n i t r o c a r b i d e s  of Co, N i ,  and o f  1Ni-1Co 
a l l o y  (21NC, 23NC, and 28NC) were prepared t o  r e p l e n i s h  s t o c k s  o f  t h e s e  
m a t e r i a l s .  
The d u r a t i o n  o f  t r ea tmen t  f o r  t h e  
D. Miscellaneous P r e p a r a t i o n s  
(a) Carbided and n i t r o c a r b i d e d  n i c k e l  plaque - A 6" x 6" porous 
plaque of n i c k e l  (80069-61, C l e v i t e  Corp., Cleveland,  Ohio) w a s  s e n t  t o  
t h i s  l abora to ry  by D r .  Giner  of Tyco L a b o r a t o r i e s  t o  be c u t  i n t o  s t r i p s  
and carbided.  I n q u i r i e s  from t h e  manufacturers  r evea led  t h a t  a l though 
t h e  manufacture o f  t h i s  p a r t i c u l a r  g rade  o f  n i c k e l  plaque h a s  been d i s -  
cont inued,  Ni8512R o f  30 m i l s  t h i c k n e s s ,  c u r r e n t l y  under p roduc t ion ,  i s  
p r a c t i c a l l y  i d e n t i c a l  w i th  i t  and may, i n  t h e  even t  o f  a f u t u r e  need, b e  
used interchangeably . 
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TABLE 2.- Preparation of carbides 
Carbiding gas --------- co 
Hourly space velocity - 100 
Chemical analysis, 
Duration of weight percent 
carbiding , Temperature, Total Free 
No. Charpe- hrs. OC C C 1/ 
Run 
25C 
2 6C 
2 7C 
29C 
3 OC 
31C 
3 2C 
3 3c 
3 4c 
35c 
3 6C 
38C 
39c 
40C 
41C 
42C 
43c 
44c 
RAL- 1 
(1Ni-1Co) 
RAL-2 
(1Ni-3Co) 
RAL- 3 
(3Ni - 1Co) 
RAL-4 
(lNi-3Ag) 
RAL-5 
( 1N i - 1Ag) 
60-250 mesh 
RAL- 5 
( 1Ni - 1Ag) 
RAL-6 
(3Ni-1Ag) 
RC-1 
(Raney Go) 
RAL-9 
( ~ C O  - 1Ag) 
RN-2B2 
(Raney Ni) 
RNL-4 
(Raney Ni, Gnesh) 
RAL-7 
( ~CO-3Ag) 
RAL-8 
RAL-10 
(1Ni -1Co - 1Ag) 
RAL-11 
(1Ni-1Co-1Au) 
RAL- 1 
(1Ni - 1Co) 
RAL-5 
(1Ni-1Ag) 
RAL- 12 
(lfJi - 1Ag - 1Au) 
(1co - lAg) 
13 
216 
13 
144 
13 
144 
5 
104 
6 
10 2 
6 
100 
5 
102 
26 
72 
5 
105 
22 
72 
11 
72 
6 
100 
13 
100 
13 
100 
22 
102 
21 
10 1 
4 
102 
4 
103 
170-225 
250 
250 
2 50 
170-230 
2 50 
16 0 -2 20 
250 
170- 228 
170-225 
160-220 
250 
160-220 
2 50 
250 
250 
160-220 
250 
250 
160-240 
160-220 
160 -220 
160-220 
250 
160-230 
250 
160-230 
250 
160-220 
250 
160-220 
250 
160-250 
250 
160 -250 
250 
9.78 
8.86 
9.33 
1.21 
2.31 
2.04 
3.42 
3.59 
4.67 
10.78 
6.18 
4.86 
7.48 
0.7 
1.12 
1.06 
0.8 
0.54 
1.75 
6.55 
1.82 0.72 
2.56 0.66 
0.84 0.33 
- 1/ Mesh size 150-250, unless otherwise stated. 
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TABLE 3. - Preparation of ni t rocarbides  
Ni t r id ing  gas 
Temperature - - - -- - - - - - -- -- - 
- -- -- --- ----- "3 
260 O C  
Hourly space ve loc i ty  ----- 1000 
Chemical ana lys i s ,  
Duration of weight -percent 
n i t r i d i n g ,  Total  Free 
C 
Run 
No. Charge h r s  N C 
11NC 
1 2NC 
1 3 N C  
15NC 
16NC 
17NC 
1 8 N C  
19NC 
20NC 
2 1NC 
2 2NC 
2 3NC 
2 4NC 
2 5NC 
26NC 
2 7NC 
2 8NC 
29NC 
3 ONC 
19c 
20c 
( C O ~ C ,  a-Co, Cub. CO) 
2 6C 
( N i 3 ,  t r a c e  of N i )  
(Carbided 1Ni-3Co) 
(Carbided 3Ni-1Co) 
( C a r  bided 1 N i  - 1Co) 
(Carbided 1Ni-3Ag) 
27C 
25C 
29C 
30C 
3 1 C  
3 2C 
3 3c 
34c 
3 5c 
3 6C 
(Carbided 1Ni-lAg, 60-250 mesh) 
(Carbided 1Ni-lAg, 150-250 mesh) 
(Carbided 3Ni-Ug) 
(C02C, a - k )  
(Carbided 3Co-lAg) 
(Ni3C) 
(Ni3C,  Q50 mesh) 
3 8C 
(Carb i d  ed 1Co - 3Ag) 
39c 
(Carbided 1Co-Ug) 
4oc 
(Carb ided 1 N i  - 1Co - lAg) 
42C 
(Carbided 1Ni-1Co) 
4 1C 
(Carbided 1 N i - 1 C o  - Uu) 
44c 
(Carbided 1Ni-lAg-Mu) 
15 1.08 
39 0.90 5.33 2.50 
48 0.92 8.88 4.50 
48 1.01 9.30 6.38 
48 0.87 9.45 6.46 
48 
48 
48 
58 
48 
48 
48 
48 
48 
48 
48 
48 
48 
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28C - me n i c k e l  plaque was c u t  i n t o  f o u r  s t r i p s  o f  1 c m  width 
and one o f  15/16" width,  the l e n g t h  being 6" i n  each case. The s t r i p s  
were f a s t ened  as a u n i t ,  s epa ra t ed  by s t a i n l e s s  steel spacers .  The 
assembly w a s  reduced i n  a stream of  hydrogen a t  45OoC for  10 hours, 
and then  ca rb ided  wi th  carbon monoxide flowing a t  a r a t e  o f  3 l i t e rs  
p e r  hour. A s  u s u a l ,  t h e  temperature  of t h e  assembly w a s  r a i s e d  s lowly,  
i n  s t e p s ,  t o  25OoC a t  which temperature t h e  c a r b i d i n g  was cont inued 
f o r  103 hours.  
-
- 14NC - Two o f  t h e  ca rb ided  n i cke l  s t r i p s  were n i t r i d e d  wi th  
anhydrous a m n i a .  
p e r  hour  and the t r ea tmen t  l a s t e d  f o r  48 hours  a t  26OoC. 
showed a n i t r o g e n  c o n t e n t  o f  0.39 percent  by weight. 
The flow ra te  o f  "3 w a s  maintained a t  30 l i ters  
The product 
(b) Carbides  and n i t r o c a r b i d e s  o f  n i c k e l  and c o b a l t  ob ta ined  from 
formates ,  acetates, hydroxides,  and b u t y r a t e s  o f  t h e  m e t a l s  - I n  
a d d i t i o n  t o  examining the c a r b i d e s  and n i t r i d e s  o f  t h e  t r a n s i t i o n  
m e t a l s  and t h e i r  a l l o y s  ob ta ined  b y  t h e  Raney method, r e s e a r c h  has  
been extended t o  s t u d i e s  wi th  i n t e r s t i t i a l  compounds prepared from 
f i n e l y  d iv ided  metals ob ta ined  from t h e i r  hydroxides  and o rgan ic  salts. 
Accordingly,  t h e  fol lowing materials have been prepared:  
1. Hydroxides of n i c k e l  and c o b a l t  and c o p r e c i p i t a t e d  hydroxides 
o f  n i c k e l  and c o b a l t  (3Ni-1Co) were prepared by p r e c i p i t a t i o n  from 
aqueous s o l u t i o n s  o f  t h e i r  s u l f a t e s  with NaOH. The p r e c i p i t a t e s  were 
washed f r e e  from s o l u b l e  salts. After d ry ing  a t  l l O ° C ,  t h e  mass was 
crushed t o  a f i n e  powder which w i l l  b e  reduced w i t h  hydrogen and then 
ca rb ided  and n i t r i d e d .  
2. Cobalt  b u t y r a t e  w a s  prepared according t o  t h e  d i r e c t i o n s  of  
h i e l  and Moreau (9. 
g i v e  f i n e l y  d iv ided  c o b a l t  of v e r y  high s u r f a c e  area (7). 
The b u t y r a t e ,  on decomposition, i s  known t o  
3. A q u a n t i t y  o f  n i c k e l  formate h a s  been reduced t o  metallic 
n i c k e l  w i th  hydrogen a t  45OoC. 
4. Nickel  formate and c o b a l t  a c e t a t e  was s t i r r e d  s e p a r a t e l y  i n  
water and t h e  clear s o l u t i o n  o f  c o b a l t  acetate was poured i n t o  t h e  
suspension of n i c k e l  formate. 
d ryness  and t h e  r e s i d u e  crushed t o  a f i n e  mix. The p r e p a r a t i o n  w i l l  
b e  reduced wi th  hydrogen and t h e  mixed metals so ob ta ined  w i l l  be  
c a r b i d e d  and n i t r i d e d .  
The mass (3Ni-1Co) w a s  t aken  slowly t o  
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E. P repa ra t ion  o f  N i t r i d e s  of Nickel  and Cobalt  
E f f o r t s  t o  p repa re  n i t r i d e s  of n i c k e l  and c o b a l t  by t h e  customary 
method o f  t r e a t i n g  f i n e l y  d iv ided  samples o f  metals wi th  anhydrous 
ammonia a t  e l e v a t e d  temperatures  were f r u i t l e s s  (4). 
our  e f f o r t s  t o  p repa re  t h e  n i t r i d e s  of n i c k e l  and c o b a l t  by some un- 
orthodox methods i s  p resen ted  here .  The r e s u l t s  were nega t ive .  
Further  e f f o r t s  are i n  p rogres s .  
A b r i e f  review of 
The c a r b i d e s  of n i c k e l  and c o b a l t  a r e  known t o  b e  s t r i p p e d  o f  
c a r b i d i c  carbon on t r ea tmen t  w i t h  hydrogen a t  180 '-230'C (4,z). The 
p o s s i b i l i t y  t h a t  t h e  r e s u l t a n t  metal may b e  amenable t o  n i t r i d i n g  on 
t reatment  w i th  NH3 l ed  t o  t h e  fol lowing experiment. Ten grams of Ni3C 
w a s  t r e a t e d  wi th  a stream of hydrogen a t  26OoC f o r  24 hours  a t  a space 
v e l o c i t y  of 1000 h r - l .  
c a t e d  i t  t o  be pure n i c k e l .  It was then  t r e a t e d  with "3 a t  35OoC f o r  
72 hours  a t  an  h o u r l y  space v e l o c i t y  o f  1000. 
a n a l y s i s  o f  t h e  product  so o b t a i n e d ,  however, r evea led  no evidence f o r  
t h e  formation of Ni3N. 
X-ray a n a l y s i s  o f  t h e  r e s i d u a l  m a t e r i a l  i n d i -  
X-ray and chemical 
I n  ano the r  series of experiments ,  t h e  p o s s i b i l i t y  o f  n i t r i d i n g  
n i c k e l  by t r ea tmen t  w i th  l i q u i d  ammonia i n  a p r e s s u r i z e d  v e s s e l  was 
i n v e s t i g a t e d .  
160 m l )  o f  l i q u i d  NH3 were charged i n  a s t a i n l e s s  steel  v e s s e l ,  f i t t e d  
with a p r e s s u r e  gauge, and t r e a t e d  i n  f o u r  s e p a r a t e  experiments as 
fol lows : 
Ten grams o f  reduced Raney n i c k e l  and an excess  (150- 
1. Kept a t  room temperature  f o r  72 h r s  (gauge pr.  180 p s i g )  
2. Heated i n  a water b a t h  a t  100'C f o r  14 h r s  (gauge p r .  810 ps ig )  
3. Heated i n  a water b a t h  a t  l0O'C f o r  81 h r s  (gauge pr .  830 psig)  
4. Heated i n  an o i l  b a t h  a t  115°-1180C f o r  5 h r s  (gauge p r .  780-820 
P S i d  
Analysis o f  t h e  gas  from t h e  v e s s e l  i n d i c a t e d  p a r t i a l  decomposition 
o f  "3 t o  N2 and H2. 
released from t h e  vessel and t h e  s o l i d  removed under an i n e r t  atmosphere. 
Chemical ana lyses  o f  t h e  powders i n d i c a t e d  some s l i g h t  i n c o r p o r a t i o n  of 
ni t rogen.  
p repa ra t ions  are as follows: 
The ammonia and i t s  decomposition products  were 
F u r t h e r  work i s  i n  p rogres s .  The n i t r o g e n  c o n t e n t  of t h e s e  
1. 0.69 2 0.01% n i t r o g e n  
3. 0.64 t 0.02 
4. 1.05 2 0.02 It 
2. 0.57 ,+ 0.01 
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F. X-ray D i f f r a c t i o n  Study o f  T r a n s i t i o n  Metal Al loys  
The p r e s e n t  d i f f r a c t i o n  s tudy  w a s  o r i g i n a t e d  i n  a n  a t t empt  t o  
e x p l a i n  and overcome some problems encountered i n  t h e  x-ray i d e n t i -  
f i c a t i o n  o f  c a r b i d e  p repa ra t ions .  
A s  long as t h e  c a t a l y s t  c o n s i s t e d  of one compound, two compounds 
o f  d i f f e r e n t  c r y s t a l  s t r u c t u r e ,  o r  two compounds o f  s imi la r  c r y s t a l  
s t r u c t u r e  b u t  d i f f e r e n t  s c a t t e r i n g  f a c t o r s ,  t h e r e  was no problem. When 
p r e p a r a t i v e  work on a l l o y s  was s t a r t e d  it was found t h a t :  
1. There was a l a c k  o f  information on t e r n a r y  systems. 
2. It was d i f f i c u l t  t o  d i s t i n g u i s h  compounds w i t h  s i m i l a r  s t r u c t u r e  
and s c a t t e r i n g  f a c t o r s .  
The aluminum-nickel-cobalt system was t h e  f i r s t  t o  be t r i e d .  A 
m e l t  o f  60A1-20Ni-20C0, RA-1, was made. 
leached and reduced, RAL-1. A powder photograph was t aken ,  f i g u r e  3. 
The leached and reduced a l l o y  was then ca rb ided  ( t a b l e  2 ,  Run 25C) 
w i t h  pu re  carbon monoxide. From previous s t u d i e s  on t h e  i n d i v i d u a l  
systems, A1-Co,  A 1 - N i ,  it was expected that a mix tu re  o f  c o b a l t  c a r b i d e  
and n i c k e l  c a r b i d e  would be produced. X-ray could on ly  i d e n t i f y  t h e  
n i c k e l  c a r b i d e  phase. Phys ica l  mixtures o f  c o b a l t  c a r b i d e  and n i c k e l  
c a r b i d e  were prepared t o  a s c e r t a i n  i f  t h e i r  powder p a t t e r n s  could be 
used i n  t h e  i d e n t i f i c a t i o n  o f  t h e  c a r b i d e  phases  ob ta ined  from t h e  
leached Raney a l l o y s .  
t i n g u i s h  t h e s e  as it was t h e  carbided RAL-1. The similar s c a t t e r i n g  
f a c t o r s  of t h e  n i c k e l  and cobalt: c a r b i d e s  caused a superimposing of 
l i n e s  and produced a hazy p a t t e r n  impossible  t o  i n t e r p r e t .  
The Raney a l l o y  w a s  t hen  
Unfo r tuna te ly  it was as d i f f i c u l t  t o  d i s -  
A t  t h i s  p o i n t  i t  was decided t o  t empora r i ly  p u t  a s i d e  t h e  c a r b i d e  
problem and d e l v e  i n t o  t h e  n a t u r e  o f  t h e  t e r n a r y  m e l t s  b e f o r e  and a f t e r  
leaching.  I f  one compares t h e  p a t t e r n s  of Raney n i c k e l  and Raney c o b a l t  
w i t h  the t e r n a r y  m e l t  RA-1 (60A1-20Ni-20Co), it i s  obvious t h a t  t h e  m e l t  
i s  n o t  a mixture.  
system c o n s i s t s  o f  s o l i d  s o l u t i o n s  p r imar i ly  between Co2Al9 and N i A l 3 .  
A s o l i d  s o l u t i o n  i s  d i s t i n g u i s h e d  from compound formation i n  a l l o y s  by 
t h e  s i m i l a r i t y  i n  p a t t e r n  o f  t h e  s o l i d  s o l u t i o n  t o  one o f  i t s  components, 
whereas i n  compound formation a d i f f e r e n t  s t r u c t u r e  w i l l  occur.  The 
f i l m s  show t h a t  t h e  m e l t  i s  a c t u a l l y  a s o l i d  s o l u t i o n  s i m i l a r  i n  
s t r u c t u r e  t o  t h e  Raney c o b a l t .  
Raynor and P f e i l  (10) r e p o r t e d  t h a t  t h i s  t e r n a r y  
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Now i f  one compares t h e  t e r n a r y  mel t ' s  p a t t e r n  wi th  t h e  leached 
and reduced m e l t  (RAL-1) i t  i s  obvious t h a t  w e  have a new and d i s t i n c t  
s p e c i e s  p r e s e n t  a f t e r  leaching. To i d e n t i f y  RAL-1 it w a s  decided t o  
compare it w i t h  a p h y s i c a l  mix tu re  of one p a r t  n i c k e l  and one p a r t  
c o b a l t  by weight.  The mixture  shows both t h e  f ace -cen te red  cubic  
s t r u c t u r e  of n i c k e l  and t h e  hexagonal s t r u c t u r e  o f  c o b a l t .  This  
negates  t h e  p o s s i b i l i t y  o f  a mixture  s i n c e  t h e  l i n e s  o f  RAL-1 have 
been indexed and f i t  t h e  face-centered cub ic  s t r u c t u r e ,  t a b l e  4 
and f i g u r e  3. The la t t ice  parameter ,  a = 3.528, o f  RAL-1 was computed 
from t h e  i n d i v i d u a l  r e f l e c t i o n s  and averaged b u t  no t  e x t r a p o l a t e d  t o  
t h e  v a l u e  f o r  an  a n g l e  of 90°, as i n  normal p r a c t i c e ,  w i t h  t h e  r e s u l t i n g  
e r r o r  of 1 p a r t  i n  350 being p r e s e n t  i n  t h e  f i n a l  parameter.  
RAL-1 was then  compared wi th  a 1Ni-1Co a l l o y ,  prepared from 
s p e c t r o g r a p h i c a l l y  s t anda rd ized  N i  and Co r o d s ,  t a b l e  4.  It w a s  known 
t h a t  n i c k e l  and c o b a l t  from a series of cont inuous s o l i d  s o l u t i o n s  
throughout t h e  e n t i r e  phase diagram (11). 
t h i s  composition t h e  s o l i d  s o l u t i o n  was e n t i r e l y  i n  t h e  n i c k e l  c r y s t a l  
s t r u c t u r e  except f o r  a s l i g h t  expansion i n  l a t t i c e  parameters  which 
i n c r e a s e s  wi th  i n c r e a s i n g  c o b a l t  composition (2). Our 1Ni-1Co a l l o y  
compared f avorab ly  w i t h  Tay lo r ' s  work. 
done on bo th  RAL-1 and the 1Ni-1Co a l l o y  and t h e  re la t ive  i n t e n s i t i e s  
computed. Table 5 shows t h e  r e l a t i v e l y  c l o s e  agreement between t h e  
i n t e r p l a n a r  spacings (d va lues )  and the relative i n t e n s i t i e s  (I/I1) of 
t h e  i n d i v i d u a l  l i n e s .  Although t h e r e  are s m a l l  d i f f e r e n c e s  between 
t h e s e  two sets of d a t a ,  one should note  t h a t  t h e  RAL-1 wi th  i t s  
aluminum leached o u t  would be expected t o  have a s l i g h t l y  expanded 
s t r u c t u r e  as compared wi th  t h e  pure 1Ni-1Co a l l o y  due t o  t h e i r  d r a s t i -  
c a l l y  d i f f e r e n t  modes of p repa ra t ion .  The l a t t i c e  parameters ,  t a b l e  4 ,  
and t h e  i n t e r p l a n a r  space are c o n s i s t e n t  w i th  t h i s  conclusion.  The 
marked d i f f e r e n c e  between t h e  1/11 va lues  f o r  t h e  t h i r d  and f o u r t h  l i n e s  
may be explained by t h e  amount o f  i m p u r i t i e s  i n  RAL-1, which are con- 
s i d e r a b l e  compared wi th  t h e  s tandard a l l o y  prepared from spec t rog rade  
metals. 
Taylor  h a s  showed t h a t  a t  
Densitometer r ead ings  were 
I f  t h e  hypo thes i s  was c o r r e c t  f o r  RAL-1 it should work e q u a l l y  
w e l l  f o r  RAL-2 and RAL-3, t a b l e  4. Alloys of  1Ni-3Co and 3Ni-1Co were 
p repa red  f o r  comparison wi th  t h e  corresponding leached and reduced 
Raneys. A s  once can  see from f i g u r e  4 and t a b l e  4 ,  t h e  agreement wi th  
t h e  h y p o t h e s i s  f i t s  a t  least q u a l i t a t i v e l y  f o r  t h e  3Ni-1Co a l l o y  and 
the RAL-3, both being i n  t h e  face-centered c r y s t a l  s t r u c t u r e .  However 
t h e  1Ni-3Co a l l o y  i s  a hexagonal s t r u c t u r e  whereas t h e  RAL-2 i s  cubic .  
T a y l o r ' s  work h e l p s  t o  e x p l a i n  t h i s  l a t t e r  ambiguity. Taylor  (12) 
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TABLE 5.-  Comparison of i n t e r p l a n a r  spacinqs and 
r e l a t i v e  i n t e n s i t i e s  of leached 
Raney Ni-Co and Ni-Co a l l o y s  
Leached and reduced Raney 
Ni-Co a l l o y  (RAL-1) 
d 
2.0358 A 
- 
0 
1/11 
100.0 
1.7654 34.1 
1.2443 42.9 
1.0638 64.5 
1.0199 27.5 
Line No. 
1 
2 
3 
4 
5 
1Ni-1Co a l l o y  
1/11 -d - 
2.0319 100.0 
1.7501 38.6 
1.2436 35.9 
1.0623 51.4 
1.0179 27.3 
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s t a t e d  t h a t  i n  t h e  s e r i e s  of Ni-Co a l l o y s  con ta in ing  21.7 pe rcen t  N i ,  
23.4 p e r c e n t  N i ,  and 25.9 pe rcen t  N i ,  t h e r e  w a s  no one s t a b l e  c r y s t a l  
s t r u c t u r e .  The s t r u c t u r e  v a r i e d  from e n t i r e l y  c u b i c ,  t o  equa l  amounts 
of cub ic  and hexagonal,  and t o  e n t i r e l y  hexagonal. H e  f u r t h e r  s t a t e d  
t h a t  t h e  hexagonal and cubic  s t r u c t u r e s  c o e x i s t  above 70 pe rcen t  c o b a l t  
showing no s t eady  t r e n d s ,  b u t  r a t h e r  t h a t  t h e  hexagonal s t r u c t u r e  tends 
t o  appear suddenly i n  t h e  r eg ion  o f  NiCo3 and t o  b e  p r e s e n t  i n  t h e  
v a r i o u s  c o b a l t  r i c h - a l l o y s  i n  random q u a n t i t i e s .  Th i s  could e x p l a i n  
t h e  incons i s t ancy  between t h e  RAL-2 and t h e  1Ni-3Co a l l o y .  
Conclusions can  no t  be made on t h e s e  d a t a  u n t i l  a q u a n t i t a t i v e  
comparison between l a t t i c e  parameters,  i n t e r p l a n a r  spac ings ,  and 
re la t ive i n t e n s i t i e s  have been made. These are p r e s e n t l y  i n  t h e  
p rocess  o f  being done and w i l l  b e  r epor t ed  i n  t h e  next  q u a r t e r .  It 
w i l l  a l s o  b e  i n t e r e s t i n g  t o  see  i f  t h i s  unique phenomenon e x i s t s  i n  
o t h e r  leached and reduced t e r n a r y  systems. 
Work Plan 
Alloys con ta in ing  Pd, Ag, and Au i n  b ina ry  and t e r n a r y  combi- 
n a t i o n  wi th  Fe,  Co, and N i  w i l l  be prepared by t h e  Raney method, and 
t h e  c a r b i d e s  and t h e  n i t r o c a r b i d e s  of  t h e  a l l o y s  synthesized.  
E f f o r t s  t o  p repa re  n i t r i d e s  of t h e  t r a n s i t i o n  me ta l s  w i l l  con- 
t i n u e .  An appa ra tus  i s  under c o n s t r u c t i o n  t o  s tudy t h e  i n e r a c t i o n  
o f  anhydrous ammonia with f i n e l y  divided n i c k e l  i n  a corona d i scha rge .  
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- a/ T i t l e s  enclosed i n  parentheses  are t r a n s l a t i o n s  o f  the o r i g i n a l  t i t l es .  I 
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APPENDIX I 
I .  
1 
I 
I .  
Samples shipped t o  Tyco Labora tor ies  t h i s  q u a r t e r  --- 41 
Samples shipped t o  Tyco Labora tor ies  t o  d a t e  -------- 8 7  
Samples shipped t o  non-cost users t h i s  q u a r t e r  ------ 114 
Samples shipped t o  non-cost users t o  d a t e  ----------- 114 
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